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FLIGHT-DETERMINED INDUCTION-SYSTEM AND SURGE 
CHARACTERISTICS OF THE YF-102 AIRPLANE 
WITH A TWO - SPOOL TURBOJEI' ENGINE 
By Edwin J. Saltzman 
SUMMARY 
A brief compressor-surge and pressure-recovery program has been 
completed for the Convair YF-102 airplane with a two-spool turbojet 
engine. The study covered an altitude range from about 33,000 to 
50,000 feet and a Mach number range from 0.6 to 1.1. 
The results indicate that this induct ion system-engine combination 
had low compressor-surge incidence for normal-flight operations and 
that there was no relationship between distortion at the compressor face 
and the surges encountered. In addition, it was found that, for the range 
of these tests, distortion was not related to angle of attack, sidesli p, 
or free - stream Mach number. This is probably due to the natural mixing 
associated with the low expansion angle of the diffuser. However, there 
was a relationship between distortion and normalized air-flow rate. Duct 
internal-recovery losses were quite high because the duct-engine system 
was mismatched for most flight conditions . These internal losses were 
not affected by &ngle of attack or free-stream Mach number; however, 
inlet lip losses increased rapidly wit h angle of attack. This increase 
is greatly aggravated when Mach number exceeds 1.0. It was found that 
the total-pressure variation with angle of attack for the YF-102 twin-
side inlet system is not the same on both sides and varies in a repeat-
able manner. 
INTRODUCTION 
The problem of compressor surge has been encountered recently during 
flights of turbojet -powered high- speed airplanes. Compressor surge is 
the condition wherein most of the compressor blades stall simultaneously, 
permitting the high-pressure gases in the combustion chamber to flow 
toward the inlet duct . Many surges are accompanied by a loud report and 
flames may be f orced through the duct. 
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In the past it has been thought that compressor surges occurred 
under conditions where there was a wide variation in total pressure 
across the compressor face caused by a poor inlet configuration. During 
wind- tunnel tests to establish surge conditions for an engine) it is 
difficult to simulate the effects of changes in angle of attack and 
sideslip encountered in flight . It was decided) therefore) to measure 
the pressure profiles at the compressor face during flight tests of 
fighter - and interceptor- type airplanes at the NACA High- Speed Flight 
Station) at Edwards) Calif . 
This paper presents the r esults of such tests made on the Convair 
YF- 102 airplane equipped with a twin- side inlet duct system and a two-
spool turbojet engine . Some compressor surges were encountered during 
these tests and an attempt is made to r elate surge occurrence with com-
pressor face conditions . The data were obtained at altitudes from 33)000 
to 50 )000 feet and over the Mach number range from 0.6 to 1.1. 
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SYMBOLS 
cross - sectional area) sq ft 
duct skin area) sq ft 
pressure altitude) ft 
Mach number 
mass - flow ratio) Duct mass flow 
POVOAinlet 
inboard compressor speed (high speed)) rpm 
out board compressor speed (low speed)) rpm 
t otal pressure) l b /sq ft 
radial segment 
air total temperature) ~ 
velocity) ft/sec 
air- flow rate) lb/sec 
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air- flow rate normalized to sea-level conditions, lb/sec 
angle of attack, deg 
f3 angle of sideslip, deg 
maximum distortion factor, 
pI _ pI 
2max 2min 
pI 
lav 
Dav distortion factor, average absolute deviation in percent 
8 
p 
of average pressure recovery, 
where 
pI 
2 
pI 
o - (~:~) 
av 
and n = number probes 
altitude normalizing factor, ~ 
2116 
compressor face circumferential station, deg 
temperature normalizing factor, 
TI 
density of air, slugs/cu ft 
Subscripts: 
o free stream 
3 compressor face station 
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2 local 
av average 
max maximum 
min minimum 
L left 
R right 
AIRPLANE 
The Convair YF- 102 airpl ane is a single-engine, 600 delta-wing 
interceptor powered by a two~ spool turbojet engine having an installed 
sea- level thrust of about 11,300 pounds with afterburner or 7,400 pounds 
without afterburner . Air is supplied to the engine through two side 
inlets which join immediat ely ahead of the compressor face. A photograph 
of the airplane (fig . 1) shows the inlet shape and location. Additional 
physical details are described in reference 1. 
SURVEY STATIONS AND INSTRUMENTATION 
Pressure surveys were made at five stations spaced longitudinally 
along the inlet -propulsion system . Survey station 1 in the duct of the 
YF- 102 airplane was located immediately aft of the inlet, station 2 about 
5 feet aft of the inlet, and station 3 ahead of the compressor face. 
Photographs of these stations including the survey rakes are shown in 
figure 2. The types of rakes used are shown in more detail in figure 3. 
Insensitivity to flow angularity, for probes at stations 1, 2, and 3, is 
assured by internal chamfering of the leading- edge to a 300 included angle . 
Support structure influences are minimized by limiting rake width to 
about 28 percent of probe length. The rakes at stations 1 and 2 aver-
age the pressures from all total-pressure probes. At station 3, however, 
the pressure for each probe is recorded individually. The rakes at the 
intercompressor and compressor di scharge stations (4 and 5) consisted of 
several radially distributed probes whi ch were connected to a common 
recording cell. These rakes (stations 4 and 5) were designed and built 
especially for the engine by the manufacturer. The locations of each of 
these stations relative to one another are shown in figure 4, along with 
other pertinent physical details. 
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Total and static pressure in the duct and at the compressor face 
and total pressure at the compressor discharge were measured with NACA 
12- cell manometers; a pressure transd~cer was used at the intercompressor 
station . Total air temperature was measured by a shielded resistance-
type probe located beneath the fuselage nose. Total temperature T'3 
was assumed to be the same as free-stream total temperature. An NACA 
standard airspeed head provided free-stream total and static pressure 
from points about 90 and 80 inches, respectively, ahead of the fuselage 
zero length station. 
The YF-102 airplane contained standard NACA instruments and syn-
chronizing timer for recording general flight data pertinent to the 
program . 
ACCURACY 
It is estimated that the instrument errors involved in measuring 
total and static pressure in the duct are about ±5 lb/sq ft; however, 
the installation error in static pressure is uncertain, which penalizes 
the accuracy of cal culated duct Mach numbers by an unknown amount. The 
error in measuring compressor speed is within 50 revolutions per minute. 
Normalized air-flow rate is estimated to be accurate to about 2 lb/sec. 
This parameter was determined from unpublished results of engine tests 
by the NACA Lewis Laboratory. The accuracy of free-stream Mach number 
is within ±0.01 at the lower speeds and ±0.02 between M = 0.9 and 1.0. 
At supersonic speeds the error in Mach number should be very small, 
depending on instrument error only . 
TESTS 
The data reported in this paper represent pull-ups, speed runs, 
turns, and sideslips. Altitude ranged from 33,000 to 50,000 feet with 
most of the data obtained at an altitude of 40,000 feet. Mach number 
varied from about 0 . 6 to 1.1. 
It was found that the induction system-engine combination had very 
low throttle - fixed surge incidence at the altitudes normally reached by 
the airplane. I n order to reach the altitudes where the probability of 
surge increased, it was necessary to resort to a special maneuver con-
sisting of a level run at about 45,000 feet to provide momentum, fol-
lowed by a fixed -throttle pull- up which allowed the airplane to "zoom" 
to about 50,000 feet . About half these maneuvers provided surge. Four 
of these throttle-fixed surges were recorded along with five other surges 
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recorded under unknown throttle conditions. The nine surges recorded 
are included in this paper with the conditions of their occurrence for 
comparison with conditions where no surge was encountered. 
DI SCUSSION OF RESULTS 
Although intercompressor and compressor discharge instrumentation 
was not available for all surges encountered, three of the throttle-
fixed surges were recorded with total-pressure probes at stations 4 
and 5. According to NACA Lewis altitude wind-tunnel data for a similar 
engine, the compression ratio value prior to surge across the low-speed 
compressor is well within the steady- state operating region. However, 
the compression ratio value between stations 4 and 5 (across the high-
speed compressor) is sufficient to initiate surge within the high- speed 
compressor . 
The relationship of compressor face total pressure with high-speed 
compressor velocity prior to surge is shown in figure 5. As can be seen, 
the region where surge was encountered is limited to a very small part 
of the region of total flight experience; that is, the region where com-
pressor face total pressure is less than 400 pounds per square foot. 
The coarse cross - hatched area indicates the part of the flight experience 
region where high- speed compressor surge was encountered for a similar 
engine at the NACA Lewis Laboratory. 
Although the region of flight experience is quite extensive, it 
can be seen that throttle - fixed surge was not encountered in flight 
until the conditions were the same as those existing for high-speed com-
pressor surge in the wind tunnel . Even for the surges where the throttle 
condition is unknown the occurrence is within or close to those condi-
tions for high- speed compressor surge in the tunnel. Therefore, because 
these conditions for surge in flight and in the tunnel are similar and 
because the air flow to the engine in the tunnel was undistorted, it is 
believed that the surges encountered during flight are not induced by 
compressor face distortion . 
The contention that these surges are unrelated to distortion is 
substantiated by figure 6 where the distortion factor 6av is related 
to mass- flow ratio, angle of attack, and normalized air-flow rate. This 
figure shows conditions existing at the compressor face for surge-free 
operation (open symbols) and conditions prior to surge (solid symbols). 
The distortion prior to surge is no greater ; in fact, it is usually less 
than the distortion for surge-free operation. As can be seen, there is 
nothing unique about surge occurrence relative to distortion and the 
other parameters shown. 
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Each of the next two figures, 7 and 8, illustrates the circumfer-
ential and radial pressure -recovery profiles at the compressor face. 
The solid symbols represent the average pressure recovery of each survey 
rake at the circumferential position of the rake. The connected straight 
lines within the radial segment r form the radial profile for each rake. 
The solid horizontal line repr esents the overall mean pressure recovery 
and the dashed line illustrates the circumferential deviation (distortion) 
from the overall mean recovery . 
Figure 7 shows the compressor face recovery profiles immediately 
prior to the four surges encountered with fixed throttle. Pressure pro-
files cannot be shown during the surges because the dynamic response of 
the instrumentation was not sufficient to follow the disturbance. It 
can be seen that the dashed fairing at e = 1500 is near the same level 
as at e = 2100 • This fairing is supported by data obtained during tests 
when a rake was located at e = 1500 (fig. 8(b)). 
The pattern follows the conventional form for an installation of 
this type, showing low recovery at the top (00 or 3600 ) and even lower 
at the bottom (1800 ) . At about 300 from the bottom the radial profile 
loses the usual inverted "U" shape associated with fluid flow in pipes. 
However, this feature is associated not only with compressor-surge pro-
files but is also characteristic of this installation for normal-flight 
conditions as shown in figure 8 . 
Figure 8 is a presentation of the same type as shown in the preceding 
figure. These data represent turns, speed runs, and sideslips without 
compressor surge. These maneuvers reveal generally low total-pressure 
recovery at the compressor face with a high level of distortion. Com-
parison of these profiles will also show that distortion is not related 
to angle of attack, Mach number, or sideslip for the range of these tests. 
A possible explanation of the insensitivity of compressor face distortion 
to these external parameters is that the effective diffuser expansion 
angle is so small (about 10 ) that distortion originating near the inlet 
dissipates through natural mixing before reaching the compressor. Hence 
the distortion which is experienced should be a function of the duct 
internal geometry and internal air-flow parameters. The dependence of 
distortion on the latter factor is demonstrated in figure 6 in which the 
relationship of distortion to normalized air-flow rate is shown. 
Much of the data of figure 8 are shown in figure 9 by comparing the 
effect of angle of attack or sideslip on pressure recovery, distortion, 
and various duct and engine parameters. Figure 9(a) represents a turn 
at about 40,000 feet, M ~ 0 . 84, and a nearly constant normalized air-
flow rate of about 182 pounds per second. The pressure-recovery values 
for stations 1, 2, and 3 are nearly parallel, indicating that the duct 
internal losses are independent of angle of attack and that the lip 
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losses, represented by station 1, increase rapidly with angle of attack. 
The pressure - recovery loss at the compressor face between angles of 
attack of 40 and 100 is about 0 . 06 . In addition, the former observation 
that distortion at the compressor face is not affected by angle of attack 
is verified . 
Figure 9 (b) shows a similar plot for two speed runs which varied in 
Mach number from 0 . 6 to almost 1.0, while altitude and the associated 
angle of attack varied over a range comparable to the preceding turn 
(fig . 9(a)) . The relationship of pressure recovery to free-stream Mach 
number can be seen by the r educed slope of the pressure-recovery curve 
for these maneuvers . Here the l oss in compressor face recovery between 
angles of attack of 40 and 100 is about 0.03 (half the value of fig. 9(a)). 
In addition, distortion is l ittle affected by Mach number, especially 
distortion factor Dav . The duct Mach numbers display the same trends 
during the speed runs as during the turn at constant Mach number and are 
only slightly influenced by angle of attack. 
A similar presentation is made in figure 9 (c) for dive-recovery data 
at M ~ 1 . 0 . Here, again, duct Mach number and distortion show only 
slight changes with increaSing angle of attack; however, the pressure -
recovery loss from an angle of attack of 40 to 100 is about 0.10, indi-
cating a more severe lip loss with angle of attack at Mach numbers in 
excess of 1.0. 
A similar comparison is presented in figure 9(d) to show the effect 
of sideslip at constant angle of attack. For the range of sideslip 
shown, the pressure recovery and distortion are independent of sideslip. 
The comparisons made in figure 9 show graphically the manner in 
which the inlet lip, angle of attack, internal losses, and supersonic 
speed affect the pressure recovery of this installation . However, an 
attempt to relate pressure recovery to a flow-rate parameter in flight 
is not as conclusive, as can be seen i n figure 10. The variation of 
pressure recovery with several air-flow parameters is shown, although 
the more commonly used normalized air- flow rate is probably the most 
intelligible. 
For the data at an angle of attack of 40 the existence of a sudden 
increase in recovery loss with increase in normalized air flow is espe-
cially apparent . This trend is normal for inlet ducts as choking is 
appr oached; however, most maneuvers should obviously be flown at air-flow 
rates low enough to avoid the "knee" i n the curve . Flight experience 
with the YF- I02 airplane has shown that for most maneuvers the normalized 
air-flow rate is beyond this "knee," whi ch accounts for the generally 
low pressure recovery of this duct-engine combination . 
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This condition is illustrated in more detail in figure 11 where 
flight data are compared with recovery characteristics and the choking 
boundary, both of which are estimated in reference 2. Sensing devices 
were not available at the proper locations to indicate positively a 
choked condition in this duct. However, in view of the trend of flight 
pressure-recovery values and the position of the flight-recovery values 
relative to the estimated choking line, it is thought that a choked con-
dition existed for most flight conditions. This is a rather serious 
case of mismatching . 
During these tests it was observed that as angle of attack increases , 
the compressor face survey rake s at e = 900 and e = 2700 experience 
different total- pressure values . Although an extensive study has not 
been made, four special maneuvers were recorded at Mach numbers between 
0.75 and 0 . 85 with only the rakes at e = 900 and 2700 installed at the 
compressor face. Rakes at stations 1 and 2 were also removed to prevent 
their presence from influencing the results. These data, presented in 
figure 12, show a significant and repeatable total-head differential 
between the right and l eft sides of the compressor face at angles of 
attack above 110 . As can be seen, the differential changes sign near 
an angle of attack of 150 . 
CONCLUDING REMARKS 
The combination of the YF-102 airplane and a two-spool turbojet 
engine has been found t o display the following characteristics: 
1. The combination had a very low compressor- surge incidence for 
normal-flight operations. 
2. For the re corded compressor surges there appears to be no rela-
tionship between compressor face distortion and surge. 
3. For the range of these tests, distortion is not related to angle 
of attack, Sideslip, or free - str eam Mach number. This probably is due 
to the natural mixing associated with the low expansion angle diffuser. 
There is a r elationship between distortion and normalized air-flow rate, 
however. 
4. The duct-engine system is mismat ched for most flight conditions, 
resulting in high internal losses . These losses are unaffected by angle 
of attack or free-stream Mach number. The inlet-lip losses increase 
rapidly with angle of attack and thi s increase in loss with angle of 
attack is greatly aggr avated when Mach number exceeds 1.0. 
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5 . The total-pressure variation with angle of attack for the YF- 102 
t win- side inlet system is not the same on both sides for negligible side -
slip angles and varies in a r epeatable manner with angle of attack . 
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(a) Station 1. E-1568 
Figure 2.- Photographs of survey stations. 
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(b) Station 2. E-1761 
Figure 2. - Continued. 
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Figure 8,- Circumferential and radia l variation of pressure recovery 
during s everal maneuvers . 
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(b) Speed run fr om M = 0 . 6 to M ~ 1 . 0; hp ~ 44,000 to 41,000 feet. 
Figure 8.- Continued. 
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Figure 8 .- Continued. 
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NOTES : (1) Reynolds number 1s bas ed on the diameter 
of a c:ircle with the same ar ea as that 
of the capture a rea of the i nle t . 
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Descripti on 
Number Type of 
of boWldary-Configuration 
oblique loye. 
shocks control 
J)~ ~ Isen- Diverter tropic 
~~ ~ I sen- Oi verter tropic 
l)~ ~ Isen- Oiverter tropic 
i)~ ~ I sen- Diverter tropic 
-
Free-
s t ream 
Mach 
number 
0 .59 
to 
1.13 
0 . 59 
to 
1.13 
0 . 59 
to 
1.13 
0.59 
to 
1.13 
Test parameters Test data Perfol"tll!l.Dce 
Angle Angle Maximum Reynolds of of Inlet - D18charge - Flow t otal- Mass -flow 
number Dra g flov flow 
x 10-6 
attack, yaw, picture pressure r atio 
deg deg profIle profile recovery 
1.4 1 to 24 
'5 X X 0 . 12 
to to 
4.5 1. 01 
1.4 1 to 24 '5 X X 0 . 72 
to to 
4 . 5 1.01 
1.4 1 to 24 '5 X X 0 . 72 
to to 
4.5 1.01 
1.4 1 to 24 '5 X X 0 ·12 
to to 
4.5 1.01 
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